
(a) 



(b) 


(a) In the dc PECVD Growth Chamber, the sample was placed on a 3-in. (7.6-cm) Mo ring, where the 
wafer was transported from the load lock to the main chamber, (b) A single, vertically aligned tube 
isseen centered precisely within deep trenches, which wasformed using high throughput processes. 


themselves to the integration of PECVD- 
grown tubes for applications ranging 
from interconnects, nanoelectromechani- 
cal systems (NEMS), sensors, bioprobes, 
or other 3D electronic devices. 

Chemically amplified polyhydrox- 
ystyren e-resin -based deep UV resists 
were used in conjunction with excimer 
laser-based (X = 248 nm) step-and-re- 
peat lithography to form Ni catalyst 


dots =300 nm in diameter that nucle- 
ated single, vertically aligned tubes with 
high yield using dc PECVD growth. 
This is the first time such chemically 
amplified resists have been used, result- 
ing in the nucleation of single, verti- 
cally aligned tubes. 

In addition, novel 3D nanoscale archi- 
tectures have been created using top- 
down techniques that integrate single, 


vertically aligned tubes. These were en- 
abled by implementing techniques that 
usedeep-UV chemically amplified resists 
for small-feature-size resolution; optical 
lithography units that allow unprece- 
dented control over layer-to-layer regis- 
tration; and ICP (inductively coupled 
plasma) etching techniques that result 
in near-vertical, high-aspect-ratio, 3D 
nanoscale architectures, in conjunction 
with the use of materials that are struc- 
turally and chemically compatible with 
the high-temperature synthesis of the 
PECVD-grown tubes. The techniques 
offer a wafer-scale process solution for 
integrating single PECVD-grown nan- 
otubes into novel architectures that 
should accelerate their integration in 3D 
electronics in general. 

NASA can directly benefit from this 
technology for its extreme-environment 
planetary missions. Current Si transistors 
are inherently more susceptible to high 
radiation, and do not tolerate extremes 
in temperature. These novel 3D 
nanoscale architectures can form the 
basis for NEMS switches that are inher- 
ently less susceptible to radiation or to 
thermal extremes. 

This work was done by Anupama B. Kaul, 
KrikorG. M egerian , Paul A. Von Allmen, and 
Richard L. Baron of Caltech for NASA's Jdt 
Propulsion Laboratory. For more information, 
contact iaoffice@jpl.nasa.gov. 
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the contractor has elected to retain title to this 
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E-mail: iaoffice@jpl.nasa.gov 
Refer to N PO-46552, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 


SProcessTo Create High-Fidelity Lunar Dust Simulants 

M arshatt Space Flight Center, Alabama 


A method was developed to create 
high-fidelity lunar dust simulants that 
better match the unique properties of 
lunar dust than the existing simu- 
lants. The new dust simulant is de- 
signed to more closely approximate 
the size, morphology, composition, 
and other important properties of 
lunar dust (including the presence of 
nanophase iron). 


A two-step process is required to cre- 
ate this dust simulant. The first step is to 
prepare a feedstock material that con- 
tains a high percentage of agglutinate- 
like particles with iron globules (includ- 
ing nanophase iron). The raw material 
selected must have the proper miner- 
alogical composition. In the second pro- 
cessing step, the feedstock material from 
the first step is jet-milled to reduce the 


particle size to a range consistent with 
lunar dust. 

T his work was done by R obert G ustafson of 
Orbital Technologies Corp. for M arshall Space 
Flight Center. For more information, contact 
Sammy Nabors, MSFC Commercialization As- 
sistance L ead, at sammy.a.nabors@nasa.gov. 
Refer to MFS-32 729-1. 


16 


NASA Tech Briefs, October 2010 



